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purchased. Too often, this leads to the 
decision to use the chemicals ‘just in 
case’ even when their application may 
cause more harm than good. 
Alternatives that could be used 
as part of an IPM strategy include 
crop rotation and diversity, inter-row 
planting, management of planting 
schedules, tillage and irrigation 
according to the minimisation 
of pest dangers, and biological 
strategies, such as trap crops and 
biological control agents, leaving the 
selective use of certain insecticides 
as a last resort. In theory, the EU has 
made the IPM approach compulsory 
for all crops as of the beginning of 
this year, but member states have 
been slow in implementing the 
directive. 
What is less easy to control or 
even understand is what systemic 
pesticides do once they have 
entered the soil. Generally, it has 
emerged that their effects on the 
natural environment are much more 
subtle and complex than what the 
simplistic toxicity tests could account 
for. The WIA highlights a number of 
‘knowledge gaps’ surrounding these 
products.
Intriguingly, the first big gap is 
the lack of knowledge regarding the 
quantities of systemic pesticides 
that have been used. This kind 
of information is crucial for a 
more detailed assessment of the 
ecological impact, and it should be a 
straightforward political measure to 
make detailed information publicly 
accessible. 
Further weaknesses in our 
knowledge include the accumulation 
of pesticides in soil, water and 
sediments, which is well-screened 
in the Netherlands, and is starting 
to be better understood in a few 
other countries, e.g. Canada, but not 
everywhere else. Even less is known 
about the long-term fate of these 
substances and their metabolites, 
along with their chronic toxicity, 
sublethal effects, and any synergistic 
effects between those substances. 
As an international collaboration led 
by Nicolas Desneux from the INRA’s 
Institut Sophia Agrobiotech at Sophia-
Antipolis, France, has shown in a 
recent paper, the complex relationship 
between exposure time and toxic 
effects in ants, bees and termites 
further complicates the issues (Sci. 
Rep. (2014) 4, 5566, http://dx.doi.
org/10.1038/srep05566). 
Thus, there are many questions 
to be answered while the partial 
EU moratorium on neonicotinoids 
continues. Only one thing appears to 
be clear already: applying systemic 
pesticides to all seeds regardless 
probably never was a good idea to 
begin with. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.uk
Service disruption: The systemic pesticides can severely affect off-target invertebrate spe-
cies, including bumblebees and other wild pollinators, thereby also disrupting important eco-
system services. (Photo: Michael Gross.)Q & A
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“As long as I’m learning something, I 
figure I’m OK — it’s a decent day”
Hunter S. Thompson
Born in Banbridge, Northern Ireland, 
Stephen Goodwin spent his childhood 
growing up in Belfast and attending 
Methodist College Belfast grammar 
school. He studied genetics as an 
undergraduate at the University of 
Glasgow, and researched Drosophila 
learning and memory for his Ph.D. in 
Kim Kaiser’s lab. During a postdoctoral 
stint in Jeff Hall’s lab at Brandeis 
University, he used molecular-genetic 
and behavioral approaches in the 
fruit fly to understand how the sexual 
identity of a nervous system and its 
behaviors are specified. He worked 
on a fly gene, nicknamed fruitless, 
mutations of which specifically disrupt 
male reproductive behaviors. Research 
on fruitless — in Hall’s lab and others — 
was the first to pinpoint a single gene 
that works in the brain to govern nearly 
all aspects of a complex behavior in 
adult animals. He returned to the UK 
and spent 10 years leading a research 
group at the University of Glasgow, 
before moving to Oxford in 2009, 
where he is an Associate Professor in 
Biomedical Sciences and a Tutorial 
Fellow in Medicine and Physiology 
Sciences at Magdalen College. His 
laboratory continues to use Drosophila 
melanogaster to study the genetic, 
developmental, and neural mechanisms 
that underlie sex-specific behaviors.
How did you get into biology, and 
how did you come to be working in 
this area? My father was a mechanical 
engineer by training but an enthusiastic 
biologist, and in the late 70s he studied 
for an Open University degree in 
biology. He was a believer in broadening 
your mind in a way that isn’t connected 
to your working life and getting a 
sense of achieving something new and 
amazing. He adored the way different 
disciplines could cross-pollinate new 
and exciting ideas, and preached this 
doctrine throughout his life. I think I got 
my initial curiosity for working things out 
from my father — he spent much of his 
career involved in design engineering. 
He was always amazed by evolutionary 
design in the natural world—this 
Magazine
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incremental design in engineering. 
At school I actually had an aptitude 
for languages, biology and art; I really 
disliked mathematics and physics. I 
started University with no clear view 
of my future, but fortunately I fell in 
love with my genetics course from my 
second year onwards. I have very fond 
memories of listening to one of my 
lecturers, Richard Wilson, wax lyrical 
about a fly mutant called fruity (now 
known as fruitless). After University I 
started a PhD working with yeast cell-
cycle mutants, but after six months I 
packed it in. I didn’t realise then but I 
needed to work on something with legs 
and a body. An accidental phone call 
with one of my lecturers in Glasgow, 
Kim Kaiser, and I found myself working 
on fruit fly learning and memory in his 
lab. You can see where this is going: 
in fly learning and memory, all roads 
lead to the godfather of neurogenetics 
Seymour Benzer, and Benzer guided 
me to one of his F1 progeny, Jeff Hall, 
and ultimately courtship behavior. The 
rest as they say is history, or rather, 
neurogenetics.
What’s the best piece of advice you’ve 
been given? Most of my life I have been 
terrible about asking for advice, and like 
many people rarely take it. Nonetheless, 
four pieces of sagely advice stand out 
for me, and I have tried to live by these 
‘truths’. 
‘Truth’ number 1: during my aimless 
teenage years I had been dithering 
between a career in law or science (in 
reality I wanted to be David Bowie). 
My solicitous grandfather, Fred Haugh, 
told me: “Stephen my lad, this is a 
very simple dilemma, choose science 
as it’s a ticket to ride, you will have 
the opportunity to work in different 
countries, and meet people from 
interesting cultures; law will keep you 
stuck at home”. 
‘Truth’ number 2: on leaving Jeff Hall’s 
lab, it was traditional for the lab to throw 
a big party for the leaver. This involved a 
lot of booze, greasy food, and gift giving 
(a wonderful triumvirate). The lab gave 
me a RedSox baseball jersey with my 
name emblazoned on the back, and a 
box set of Frank Sinatra rare recordings. 
I was really surprised when Jeff handed 
me a CD, “Never Mind the Bollocks, 
Here’s the Sex Pistols”. I was never 
a big fan of punk music (The Clash 
being the exception).“This should be 
your mantra, live by it and don’t forget 
it”, Jeff pronounced. Later the penny dropped (it always drops slowly for 
me): what Jeff was telling me was don’t 
worry about the unimportant stuff; just 
worry about getting the science right. 
‘Truth’ number 3: did I mention 
that my wife is the real brains of our 
operation? She gets me to do things 
that I don’t like doing. 
‘Truth’ number 4: finally, 
notwithstanding the influence that 
Kim and Jeff had on me as a scientist, 
I believe that your peers are very 
influential. Being intrinsically lazy I have 
always liked to surround myself with 
bright people, I think it ups your game. 
Which question about your work 
annoys you the most — and why? 
“Is there a human gene for that?” Do 
I have to say why? Well, the fly has 
already taught us a great deal about 
the molecular structure of our nervous 
system and now it will teach us how this 
structure functions. Because of the vast 
array of genetics tools available for the 
fly, and its rich behavioral repertoire, we 
can identify the cellular components of 
neural circuits, map function in these 
circuits and define causal relationships 
between neural activity and behavior.
If you weren’t a scientist what would 
you be; or, what would your ‘alter-ego’ 
be doing for a living? My list is endless: 
delta blues guitarist; David Bowie 
(circa 1975–1980); or an accomplished 
architect.
How has the field of Drosophila 
behavioural genetics changed since 
you were a PhD student? When I 
started my PhD, only the freaks and 
geeks (myself included) were doing 
fly behavioral genetics. At that time, 
neurodevelopmental biology would 
dwarf the other sessions at meetings; 
the behavioral talks would be scheduled 
for the last day, when everyone was 
either too hungover to concentrate, 
or checking out to make their flight 
home. Fast-forward 20 years and 
things have changed dramatically. The 
behavioral genetics field has worked 
extremely hard to understand the 
organisation and function of the brain, 
and the challenge now is to understand 
exactly how the brain’s neural circuits 
carry out the information processing 
that directly underlies behavior.  At fly 
meetings, neural circuits and behavior 
are now de rigueur. This change in 
fashion has led inevitably to increased 
competition. No one denies that 
competition is a good thing, but it also leads to an atmosphere of ‘fear 
and loathing’. The field is no longer a 
‘petulant adolescent’, it has lost some 
of its immaturity, impulsiveness and 
sensitivity, it’s getting harder to have 
the time to be curious about something, 
work it up, and rejoice in the haphazard 
and explorative nature of it. We all 
need to behave better, as scientists 
we are privileged and fortunate to be 
working in this field, it’s a gift, and 
with this comes responsibility, not 
entitlement, we need to set an example 
and be better role models for the next 
generation of fly researchers.
You grew up during the ‘troubles’ 
in Northern Ireland, how has that 
affected you as an adult? I was a 
middle class kid who avoided most 
of it by going to Grammar school and 
University, where I largely ignored it. I 
didn’t choose my background — thank 
goodness for happenstance — but I 
did choose not to get involved. The 
two communities have moved closer 
together in some respects, but right 
now, with pretty much none of the 
actual protagonists offering any guilt 
or shame for what happened, it’s 
crucial we keep reminding them. What 
it has left me with is a deep distrust for 
‘-isms’ and ‘-ists’. I will always take a 
consensus view, and I guess that’s the 
way I ‘manage’ our lab.
So which do you prefer, scientific 
‘hero’ or ‘anti-hero’? I have always 
fallen for the scientific anti-hero. 
Apart from their obvious scientific 
achievements, they are often loners, 
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have used top-down, outside pressure 
to try to convince governments 
to restrict rampant infrastructural 
development, a strategy we suspect 
will only work in high profile parks and 
world heritage sites. Our goal here is 
to present alternative, compromise 
solutions for environmentally viable 
infrastructure development that may 
have a greater chance of success 
across different geopolitical contexts.
Battle lines are being drawn across 
the tropics, provoking a wellspring of 
international concern from prominent 
conservationists who understand 
that pristine areas hold the key to 
biodiversity protection [3]. These 
conservationists are typically at odds 
with multi-national oil, mining and 
road construction companies and as 
a result rarely engage in constructive 
dialogues with them. At the national 
level, chapters of big non-governmental 
organizations and aid organizations 
discuss conservation and development 
with government officials trying to 
forge compromises. At the local level, 
park managers have to duel with vote-
seeking politicians and environmentally-
insensitive investors keen to push roads 
through reserves and wilderness areas.
Consider Tanzania, where this issue 
has been on a quiet boil for several 
years. First, there is the proposal to 
build a new road across the northern 
Serengeti wildlife corridor, breaking 
the link between the wet-season 
grazing area of the Serengeti Plains 
to the dry-season feeding grounds 
in the Masaai Mara Nature Reserve, 
Kenya [4,5]. Second, there is a plan 
to tarmac the road linking two west-
country regional capitals through 
Katavi, Tanzania’s third largest and 
most remote national park. Third, 
there is talk of upgrading the coastal 
road through Sadaani National Park 
linking Dar es Salaam with the port 
of Tanga. Yet, Tanzania is just one 
Tim Caro1,*, Andrew Dobson2,  
Andrew J. Marshall3,  
and Carlos A. Peres4 
Tropical and subtropical countries 
contain most of the world’s biodiversity 
and a wealth of other natural resources, 
particularly oil, gas, and rare minerals. 
Their rapidly expanding economies 
often aggravate friction between the 
wildlands that protect native fauna and 
flora and the basic infrastructure that 
supports large development projects 
and people’s economic welfare. This 
is most obviously expressed when 
roads, railways and powerlines are built 
through protected areas or unprotected 
wilderness to support mining, 
logging or hydroelectric operations. 
Unquestionably, most developing 
nations need to deploy adequate 
transportation infrastructure to develop 
mineral and energy resources, yet 
conservation biologists are acutely 
aware that new road networks are often 
established at the expense of seasonal 
movement patterns, migration routes, 
and dispersal corridors of wildlife. They 
have documented these concerns with 
great clarity [1,2], and have successfully 
alerted the academic community to the 
fact that infrastructure development in 
the 21st century is quickly becoming 
an environmental specter analogous to 
dam construction in the 20th century.
At best road construction alleviates 
poverty by enriching both the nation 
and local communities, at worst it 
creates the illusion of development; 
both ends of the spectrum ignore 
long-term environmental costs. 
Unfortunately, solutions to this issue are 
still embryonic and general: exhorting 
environmental scientists to become 
involved in decision making processes, 
relying on carbon-trading initiatives, or 
starting a global road-zoning project to 
map areas that should remain road free 






Compromise solutions between 
conservation and road building in the 
tropics
Road construction is now common through wilderness and protected areas in 
tropical and subtropical countries with adverse consequences for their high 
native biodiversity. Here, we summarize the scope of the problem and advance 
specific compromise solutions that reconcile development with conservation.misfits, being mavericks in their thinking
and behavior. As in all good movies, 
you need a scientific anti-hero to serve 
as a counter for the too good to be 
true super-hero protagonist. Integrity, 
honesty, and the ability to say what 
needs to be said, even if it clears the 
room, are all hallmarks of my scientific 
anti-hero, Jeff C. Hall.
You moved your lab from Glasgow, 
Scotland to Oxford a few years ago, 
what have you learned from that 
experience? With regards to new 
jobs, Jeff Hall once told me, “Don’t 
go sideways, only upwards, or do 
something new, and whatever you 
do, don’t keep changing jobs”. After 
giving a seminar in Oxford in 2008, Gero
Miesenböck convinced me to apply 
for a job in his department. Gero is an 
extremely enthusiastic and persuasive 
character; I was excited by the amazing
work his lab had done developing 
the first optogenetic techniques, and 
was very excited by the possibility 
of interacting with Gero and Scott 
Waddell’s groups at the Centre for 
Neural Circuits and Behaviour. So in 
2009, we moved our lab to Oxford. 
Nothing in life is free, so for my sins I 
would have to tutor neurophysiology to 
second year medical and physiology 
students; this was something I was 
initially terrified about, having zero 
background in neurophysiology. It was 
a steep learning curve for me, at times 
I felt/still feel like I’m only one page 
ahead of the students in the textbook. 
After several years of doing this I have 
actually realised that it has started to 
cross-fertilize my thinking, and I would 
even go as far to say I have enjoyed the
experience; you are never too late to 
learn new things. 
Where do you feel the most relaxed? 
Once a year I take my kids to visit my 
mum in County Donegal in Ireland. 
Donegal is blessed with many beautiful 
sandy beaches and breath-taking 
scenery. Most of the beaches are 
empty; sometimes you can have the 
beach to yourself all day. I feel most 
relaxed when my kids and I are rock 
pooling and crabbing with nets and 
buckets — it takes me back to halcyon 
days on the west coast of Ireland when 
I was a kid.
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